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Ultraviolet (UV) radiation causes damage in all living organisms, including DNA damage that 
leads to cell death. Herein, we provide a new technique for UV radiation protection through 
intracellular short peptide expression. The late embryogenesis abundant (LEA) peptide, which 
functions as a shield that protects macromolecules from various abiotic stress, was obtained from 
the Polypedilum vanderplanki group 3 LEA protein. Recombinant Escherichia coli BL21 (DE3) 
expressing functional LEA short peptide in vivo were exposed to UVA and UVC radiation for 4, 
6, and 8 hours. E. coli transformants expressing the LEA peptide showed higher cell viability 
under both UVA and UVC treatment at all time points as compared with that of the control. 
Furthermore, the cells expressing LEA peptide showed a higher number of colony-forming units 
per dilution under UVA and UVC treatment. These results suggested that expression of the short 
peptide could be useful for the development of genetically modified organisms and in 
applications that require resilience of organisms to UV radiation. 
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• A peptide of late embryogenesis abundant (LEA) protein was expressed in E. coli 
• LEA peptide expression was induced with IPTG in a concentration-dependent manner 
• LEA peptide expression improved E. coli growth under ultraviolet radiation 





1. Introduction  
The ozone layer of the earth is gradually being depleted by the increase in carbon dioxide in 
the atmosphere, which leads to intensified ultraviolet (UV) radiation on the earth’s surface [1]. 
Specifically, the UV radiation emanating from the sun has amplified with the exhaustion of the 
ozone layer in the stratosphere. The UV light generated from the sun can be divided into three 
types depending on wavelength: UVC (200–280 nm), UVB (280–320 nm), and UVA (320–400 
nm). UVB exposure causes erythema and sunburn. UVA exposure leads to suntan, while UVC 
light is absorbed predominantly in the ozone layer in the stratosphere and does not reach the 
earth’s surface [2,3]. UV radiation results in the generation of reactive oxygen species that cause 
DNA damage in all living organisms, such as DNA thymine dimers, which block the 
transcription of DNA, leading to cell death. In humans, these effects can lead to skin cancer. 
Antioxidants protect cells from oxidative damage, acting as scavengers. A variety of components 
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protect against free radicals, such as enzymatic antioxidants; non-enzymatic, metabolic, and 
nutrient antioxidants; and metal-binding proteins including ferritin, lactoferrin, and albumin [4,5]. 
Late embryogenesis abundant (LEA) protein was first identified in cotton seeds [6] and was 
recently found in organisms with known resistance to reactive oxygen species: Deinococcus 
radiodurans R1 [7] and tardigrades [8]. LEA gene and protein expression tends to be 
upregulated under stress, such as UV exposure, desiccation, and cold and heat stress, in many 
species [9-13], and the protein is able to scavenge reactive oxygen species [14,15]. A portion of 
the LEA protein was also effective against abiotic stress in cells [10,16]. 
Nowadays, peptides are well known for their use as highly selective, efficacious, relatively 
safe, and well-tolerated therapeutic agents. For example, there is an increased interest in peptides 
in pharmaceutical research and development, and approximately 140 peptide therapeutics are 
currently being evaluated in clinical trials [17]. Some peptides were reported to function in plant 
and animal cells as a defense against various stress [18-20]. However, detailed information on 
the influence of the expression of small biomolecules such as short peptides in vivo for the 
development of UV stress resistance is lacking, providing an opportunity to design a new 
functional peptide for pharmaceutical research.  
In this study, an LEA peptide designed from LEA protein group 3 was examined for its effect 
of enhancing the UV resistance of Escherichia coli. The obtained results may provide a new 
strategy for enhancing UV tolerance in genetically modified organisms for various applications. 
Moreover, the results may provide insight into the function of the LEA peptide and the general 




2. Materials and methods  
2.1. Peptide design and plasmid construction 
The LEA I peptide used in this work is a 13-mer peptide (MDAKDGTKEKAGE). This peptide 
was designed to contain the amino acid sequence that is responsible for the characteristic 
function of group 3 LEA protein. The details on plasmid construction for peptide expression in E. 
coli BL21 (DE3) are provided in our previous report [21]. 
 
2.2. Cell culture 
The plasmid vector pRSF-LEA I was transformed into E. coli BL21 (DE3) using the heat-
shock method, and the transformants were plated on a Luria–Bertani (LB) agar plate with 
kanamycin and incubated overnight at 37°C. The colonies carrying the recombinant pRSF-LEA I 
were subcultured at 37°C in LB broth medium containing 50 g/mL kanamycin for 14 hours. 
The E. coli cultures were diluted 100-fold using fresh LB liquid medium and allowed to incubate 
for 2 to 3 hours at 37°C until the optical density at 600 nm (OD600) = 0.5. Then, LEA I peptide 
was expressed by induction with different concentrations of isopropylthio-D-galactoside (IPTG): 
0.0 mM, 0.01 mM, 0.1 mM, 0.5 mM, and 1.0 mM. After IPTG induction, the cultures were 
incubated at 37°C (120 rpm) for 4 hours. 
 
2.3. UV radiation 
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The LEA peptide-expressing bacterial suspensions (1 mL) were diluted in ten-fold serial steps 
up to the 10−6 dilution stage. From each diluted suspension, 50 μL was spread on an LB agar 
plate; the OD600 values of each sample were measured to confirm equal concentrations. The E. 
coli on the LB plate were then treated with UV radiation. A long-wavelength UVA lamp (365 
nm) and short-wavelength UVC lamp (254 nm) were used (UVGL-58 Handheld UV Lamp, 
LW/SW, 6W; UVP, USA). The UV treatments were performed in the incubator at 37°C, and the 
bacteria were allowed to grow until colonies developed, around 12 hours after irradiation. The 
number of colony-forming units (CFU) on each plate was recorded. The survival ratio was 
calculated using the following equation: Survival ratio (mean colony number on the irradiated 
plate/mean colony number on the control LB plate) × 100%. 
 
2.4. Cell viability assay 
Cell viability was measured via a colorimetric assay using 96-well plates with clear, flat 
bottoms (Nunclon™ Surface, Denmark), WST reagent, and dimethyl sulfoxide (Microbial 
Viability Assay Kit-WST, Dojindo, Japan). Each plate contained blanks, controls, or irradiated 
recombinant E. coli expressing the pRSF-LEA I plasmids with or without 0 mM, 0.01 mM, 0.1 
mM, 0.5 mM, or 1 mM IPTG. The cells were irradiated with UVA and UVC in LB broth for 4 
hours in triplicate. Cell suspension (180 µL) was added to the plates, mixed with 20 µL WST (9 
WST solution: 1 electron mediator reagent (dimethyl sulfoxide solution)), and cultivated for 1 
hour. The absorbance was measured on a microplate reader (Perkin Elmer, USA) at 450 nm, with 
filters at ƛ max 460 nm, and the percent cytotoxicity was calculated as the percentage of cell 





3.1. Effect of LEA peptide expression in E.coli on UV tolerance 
The E. coli competent cells carrying the LEA short peptide were grown for 4, 6, or 8 hours 
under UVA and UVC radiation. The results showed that the LEA short peptide enhanced the 
tolerance of E. coli to UV radiation for all treatment durations and UV wavelengths tested. We 
also found that the growth of E. coli was increased significantly with increased IPTG 
concentration, which stimulated the promotor of LEA short peptide under both UVA and UVC 
radiation. The most effective IPTG concentration for LEA short peptide expression was 1 mM. 
In addition, the long-wavelength UVA exposure resulted in a higher number of CFU as 
compared with the short-wavelength UVC exposure. The LEA peptide-promoted tolerance of E. 
coli under UVA exposure was 70% higher than that under UVC exposure, as indicated by the 
number of CFU (Fig. 1 A–C). 
 
3.2. Recombinant E. coli cell viability under UV radiation 
The E. coli recombinant cells were grown in LB broth media to express LEA short peptide and 
were exposed for 4 hours to UVA and UVC with different concentrations of IPTG (0 mM to 1 
mM. Then, the cell viability was determined by WST assay of 2 × 104 cells/well with a 2–5% 
coefficient of variation of replicate wells. The viability assay showed an increase in cell viability 
with an increased IPTG concentration of 1 mM under both UVA and UVC radiation. The cells 
expressing LEA peptide showed greater viability under both UVA and UVC radiation for 4 
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hours compared with that of the control, suggesting that the LEA peptide confers UV tolerance 
to E. coli. The UVA cell viability under UVA exposure was higher than that under UVC 
exposure, which was confirmed by the CFU (Fig. 2). 
 
4. Discussion 
The LEA family is expressed under diverse environmental stress, including heat stress from 
80ºC to 100ºC [9,22,23], desiccation stress [24,25,26], cold stress [10,27], osmotic stress [28,29], 
and UV light stress [13,30,31]. Numerous researchers have identified the LEA gene and protein 
in eukaryotic organisms such as Arabidopsis [32], cotton [33], sweet potato [34], and 
Eutardigrades [8]. LEA has also been found in prokaryotic microorganisms such as Deinococcus 
radiodurans [7].  
The LEA proteins can protect organisms from different stress, most of which promotes the 
formation of reactive oxygen species, which are harmful to all living organisms. This 
characteristic capability has prompted researchers to co-express LEA protein in genetically 
modified organisms to enhance their survival and productivity [35]. 
To determine the function of LEA peptide in the reactive oxygen species-scavenging system, 
we adopted E. coli, which is a typical model system for prokaryotic cells. In the current study, 
we expressed the 13-mer LEA peptide through the pRSF-LEA I vector and studied its effects on 
growth performance under UV radiation stress as a generator of reactive oxygen species. We 
previously reported that this LEA peptide functions under salt, heat, and cold stress [36]. 
Furthermore, this LEA peptide plays an important role in effective protein expression; in another 
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previous study, we were able to enhance expression of a target protein through co-expression of 
this short LEA peptide [21].  
In this study, we demonstrated that the short LEA peptide expressed in recombinant E. coli 
enhances the cell viability under both UVA and UVC radiation compared with that in the control. 
Long-wavelength UVA radiation resulted in a higher cell survival ratio, while short-wavelength 
UVC exposure led to a lower cell survival ratio. The deleterious effect of UV light is highly 
dependent on the wavelength of radiation. DNA is the major chromophore following exposure to 
short-wavelength UV light. UVC can induce the formation of cyclobutyl pyrimidine dimers 
(CPDs) and pyrimidine (6-4) pyrimidinone photoproducts, which are mutagenic and lethal to 
bacteria if unrepaired. UVA can cause production of reactive oxygen species, causing oxidative 
damage to a variety of molecules in the cell [37]. The shorter UV wavelengths are more lethal 
than the longer wavelengths [38]. LEA expression was identified in Pinus tabuliformis, a plant 
found in northern and central China that occupies various habitats, including a wide range of 
temperatures, altitudes, and elevated ozone and UV levels [39]. Ryabova et al. reported that 
LEA4 protein is involved in the protection of DNA against UV damage [13]. Similarly, He et al. 
found that LEA5 protein expression in E. coli under UV radiation promoted tolerance in the 
recombinant cells [31]. Wang et al. reported that LEA gene expression enhanced the survival of 
a yeast strain under different stress, including UV radiation stress [30]. Based on these previous 
findings and the present results, we hypothesize that the short LEA peptide has an important role 
in survival under UV radiation. 
The LEA mechanism of stress response, especially under UV radiation, is important to 
understand. Based on previous studies, we hypothesized that the LEA mechanism involves two 
distinct mechanisms: (I) a direct mechanism, in which LEA directly reacts with and scavenges 
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reactive oxygen species [13-15], and (II) an indirect mechanism, in which bacteria and other 
organisms express various genes, including LEA, in response to stress, and LEA repairs and 
stabilizes other proteins such as uvrA, uvrB, and uvrC in E. coli, which protect the cell under UV 
radiation [40-42]. It was reported that LEA proteins could stabilize enzyme complexes and the 
structure of cell membranes [41-43]. By enhancing as well as increasing the production of the 
proteins [44], the proteins may persist in the cell under UV radiation, leading to higher cell 
viability (Fig. 3). 
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Fig. 1 Growth performance of E. coli under UV radiation after expression of LEA peptide. 
Transformed E. coli BL21 (DE3) induced with different concentrations of IPTG were 
spread on LB plates and exposed to UVA and UVC for (A) 4 h, (B) 6 h, or (C) 8 hours. 
The results were confirmed statically significance of the difference by t-test in comparison 
with 0 mM. *P < 0.05 **P < 0.01, ***P < 0.001, †: not significant. 
 
Fig. 2 Cell viability of LEA peptide-expressing E. coli induced with different concentrations of 
IPTG and exposed to UVA and UVC radiation for 4 hours. The results were confirmed 
statically significance of the difference by t-test in comparison with 0 mM. *P < 0.05 **P 
< 0.01, ***P < 0.001, †: not significant. 
 
Fig. 3 The mechanisms of LEA protein under UV radiation. LEA scavenges reactive oxygen 
species (ROS) and is involved in the DNA repair mechanism. (II) Indirect mechanism of 
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